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We show that the emitter and host combination must be optimized to minimize the reverse intersystem crossing (rISC) barrier and maximize thermally activated delayed fluorescence (TADF). The blue TADF emitter, 2,7-bis(9,9-dimethyl-acridin-10-yl)-9,9-dimethylthioxanthene-S,S-dioxide (DDMA-TXO2), has strong TADF character due to efficient charge transfer state (CT) formation. By combining DDMA-TXO2 with a host of the correct polarity (DPEPO) that relaxes the CT manifolds energy to become resonant with the lowest energy local triplet state of DDMA-TXO2, the emitter and host combination produce a minimum rISC barrier (∆E ST ), which maximises TADF efficiency. We show that the sensitivity of these splittings is highly dependent on emitter environment and must be carefully tuned to optimised device performance. Devices utilising DDMA-TXO2 in DPEPO host show blue EL, CIE (0.16, 0.24) with maximum external quantum efficiency of 22.4 %. This high device performance is a direct consequence of optimising the TADF efficiency by this 'host tuning'.
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Organic light-emitting diodes (OLEDs) are attracting great interest for display and lighting applications. 1, 2 Recently, a new emission mechanism was discovered, thermally activated delayed fluorescence (TADF) and since then, a huge improvement in the efficiency and brightness of fluorescent OLEDs has been observed. 3, 4 Emission via the TADF mechanism uses thermal energy to vibronically couple the localised ( 3 LE) and charge transfer ( 3 CT) triplet states to mediate spin orbit coupling (SOC) to up-convert lower energy triplet excitons, which are in general not emissive at room temperature in organic molecules, into emissive singlet states of higher energy, thereby surpassing the imposed 25% internal quantum efficiency. [4] [5] [6] [7] [8] [9] One way to improve the TADF emission contribution is to minimize the energy splitting (∆E ST ) between singlet and triplet states. Recent experimental studies [10] [11] [12] along with initial theoretical work [13] [14] [15] identify that the SOC mechanism in these TADF systems is a complex second order process requiring vibronic coupling between 3 CT and 3 LE to mediate the spin flip back to the 1 CT state, the 3 LE state mediates the SOC between the singlet and triplet CT states 15 . Hence whereas the CT states are very sensitive to the local enviroment 10 the local triplet states are not, therefore the host differential effects the energy gaps which directly changes the rate of reverse intersystem crossing (rISC). So, to achieve very small ∆E ST between each state the effect of the host environment must be taken into account and tuned to optimise device efficiency.
Here, we demonstrate how sensitive this 'host tuning' is and how when optimised yields extremely efficient devices. This study was made by analyses of the photophysical properties of 2,7-bis(9,9-dimethyl-acridin-10-yl)-9,9-dimethylthioxanthene-S,S-dioxide (DDMA-TXO2) in different hosts along with the photophysical properties of the acceptor and donor units In demonstrating how important it is to understand and take into consideration the effects of environment and relaxation on the energetics of the CT state, as in these D-A-D molecules the rate of rISC depends exponentially on the magnitude of the energy barrier, it is clear that small energy changes in the ∆E ST, has a very profound effect on the rISC rate. The contribution of emissive states that at some point in their lifetime have resided in a triplet excited state, to the total emission was determined by comparing the emission intensity in aerated and degassed toluene solutions ( Figure S2 ). Upon removing oxygen, the intensity increases by a factor of 3.70, indicating that the contribution of DF to the overall emission is 78%. Also, it is shown that the emission spectra obtained in degassed and aerated solutions match each other, showing that delayed fluorescence (DF) and prompt fluorescence arise from the same 1 CT state. Due to the high DF contribution, we proceeded to investigate the DF mechanism in solid state, which can confirm DDMA-TXO2 is a promising blue emitter for OLED applications. After showing the strong TADF mechanism of DDMA-TXO2 in zeonex matrix, we proceed to investigate how the mechanism depends on the polarity of the medium in which the emitter is dispersed. Bis[2-(di-(phenyl)phosphino)-phenyl]ether oxide (DPEPO) was chosen as a potential host for DDMA-TXO2 as it has a triplet level comparable to DDMA-TXO2. The PH onset of DPEPO was found to be at (3.05±0.02) eV (Figure S5) , which is close to, but energetically above, the PH onset of DDMA-TXO2 in zeonex matrix, (3.02±0.02) eV. Considering that the localised excitonic triplet states, 3 LE, will be unaffected by the polarity of the host environment, the triplet levels of DDMA-TXO2 in DPEPO should also have onset at (3.02±0.02) eV (Figure 3.a) . Therefore, to evaluate the ∆E ST barrier for rISC, we must take into consideration this observed dynamic relaxation of the CT state. We must take the magnitude of the unrelaxed 1 shift of the CT state (seen at 1 ns) of ca. 140 meV because of the higher polarity of the DPEPO host matrix. It is very important to understand and take into consideration these effects of environment and relaxation on the energetics of the CT state, as in these D-A-D molecules the rate of rISC depends exponentially on the magnitude of the energy barrier, thus decreasing this from 0.15 eV to 0.01 eV has a very profound effect on the rISC rate and even changing from 0.06 eV to 0.01 eV will cause significant changes to the rISC rate, especially at low temperatures. So to correctly obtain the 1 CT energy for the reverse crossing step, it must be measured at the earliest possible time after creation and not from the long time (μs) CT emission.
Hence, at 290 K the ∆E ST of DDMA-TXO2 is very small in magnitude and the rISC process is thus fast, leading to a more rapidly decaying DF component. On the other hand, at 80 K, the ∆E ST is larger, and the rISC process is slower, leading to a longer lived DF component. This explains the unexpected temperature behaviour of the DF after TD = 44 µs (Figure 4 ). This analysis also explains why the prompt emission is faster at 290 K, because at this temperature, the rISC has a higher rate, decreasing the time over which 'pure' prompt emission is observed.
Moreover, it is also observed that as ∆E ST is so small, rISC is maximized and the transition 3 LE→S 0 is not observed in DPEPO host because all triplets are harvested by rISC which strongly out competes phosphorescence decay.
Therefore, it is clear that for DDMA-TXO2 in DPEPO host, the initial 1 CT state energy lies very close to the triplet states, as compared to in zeonex host, yielding a very small ΔE ST , and consequently, high efficient TADF mechanism.
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The photoluminescence quantum yields (PLQY) also show strong consequences of the However, the pure emission was achieved only after including the thin single undoped DPEPO layer in the structure of the device. Devices without this extra layer showed an extra peak at 625 nm assigned to exciplex formation between the emissive layer DDMA-TXO2 and the transport layer TPBi (Figure S7 ). emitter and host combination must be designed and optimised together to produce a minimum rISC barrier in order to achieve highly efficient TADF OLEDs. It is also seen how sensitive the rISC rate is to the host and how carefully this tuning needs to be made. We further observe that in the polar DPEPO host the CT state relaxes dynamically, over the first 100 ns, however when calculating the correct energy gap for the rISC step one must use the unrelaxed (earliest time)
energy of the CT state to correctly estimate the 1 CT 3 LE gap 'seen' at the rISC step. These results represent an important step forward in the understanding of new emitter-host combinations to achieve enhanced efficiency TADF-OLEDs and these design principles should be readily applicable to a wide range of new TADF-OLED systems.
Experimental Methods
The synthesis and characterization data for 2,7-bis(9,9-dimethyl-acridin-10-yl)-9,9-dimethylthioxanthene-S,S-dioxide (DDMA-TXO2) are given in detail in the S1.
Three types of samples were studied in this work: solutions in toluene and in methylcyclohexane (MCH) solvents (10 -3 to 10 -5 M), films produced in zeonex matrix (organic material 2.5 mg/mL :zeonex 180 mg/mL 1:1 v/v) and thin film produced in DPEPO host (11% DDMA-TXO2:DPEPO). The solutions were stirred for 24 hours and they were also degassed to remove all the oxygen dissolved in the solutions by 4 freeze-thaw cycles to measure the effect of oxygen quenching. Films in zeonex matrix were fabricated by spin-coating on quartz substrates at 500 rpm during 60 seconds. Thin film in a DPEPO host was made by co-evaporation deposition onto transparent sapphire substrates using a Kurt J. Lesker Spectros II deposition system under vacuum, 10 −6 mbar, at a steady evaporation rate of ∼ 2.3 Å/ s and ∼ 0.28 Å/ s for host and guest materials, respectively.
Steady state absorption and emission spectra were acquired using a UV-3600 Shimadzu spectrophotometer and a JobinYvon Horiba Fluoromax 3, respectively. Time resolved spectra were obtained by exciting the sample with a Nd:YAG laser (EKSPLA), 10 Hz, 355 nm/266 nm or by using a Nitrogen laser, 10 Hz, 337 nm. For Nd:YAG laser and Nitrogen laser the earliest emission available for collection were at time delay (TD) at 1 ns and 30 ns, respectively. Sample emission was directed onto a spectrograph and gated iCCD camera (Stanford Computer Optics).
Photoluminescence quantum yelds (PLQY) were acquired using PLQY Quantaurus -QY
